The monoclonal antibody LA7 was raised against the species-specific Borrelia burgdotjieri lipoprotein P22 ( = IPLA7), which induces antibody formation in patients with Lyme arthritis. It is composed of 194 amino acids with a calculated molecular mass of 21.8 kDa. Its gene on the linear chromosome is 582 nucleotides in length. The aim of this study was to localize the protein P22 by immune electron microscopy. Immunolabeling of Borrelia burgdolferi with LA7 and an anti-mouse immunogold conjugate proved that P22 is an outer membrane protein. This finding was confirmed by sodium dodecyl sulfate polyacrylamide gel electrophoresis of the outer envelope fraction, which contained 99% of the P22 proteins.
Introduction
The spirochete Borrelia burgdorjki, the causative agent of Lyme disease [ 11, consists of a cytoplasmic cylinder containing a linear chromosome and several linear and circular plasmids surrounded by an outer envelope. The outer envelope comprises the periplasm and an outer lipid membrane.
Several low molecular mass proteins have been described: OspE (19.2 kDa) , P22 (21.8 kDa), OspC (22.5 HIa) , OspF (26 kDa), P27, and OspD (28.4 kDa terminus with a cleavage site. The gene is composed of 630-636 nucleotides and is located to a 27 kb circular plasmid. It may be exchanged laterally and become modified through intragenic recombination [6] . Therefore, the expression of OspC may vary considerably between different isolates , whereas the expression of the chromosome encoded P22 remains stable.
The 28.4 kDa lipoprotein OspD [ 11,121 is species-specific for Borrelia burgdo$eri sensu lato. It is frequently expressed by low passage, virulent strains of Borrelia garinii and occasionally by other Lyme disease spirochetes. The genome is located on a 38 kb linear plasmid.
The gene for a 27 kDa lipoprotein is located to a linear chromosome [ 131. Our investigation localizes and characterizes a protein of 22 kDa by using the monoclonal antibody LA7. LA7 [ 141 was raised against the species-specific Borrelia burgdorferi strain ZS7 lipoprotein IPLA7 (P22). The German tick isolates ZS7 and 2136 are rich in 22 kDa proteins. P22 stimulates the formation of antibodies in patients with late stage Lyme disease, especially with Lyme arthritis [ 15, 161 . It is composed of 194 amino acids, with a high content of lysine, serine, and isoleucine (each about 10%). The calculated molecular mass is 21.8 kDa and the isoelectric point is 5.0-5.7 [15] . The short positively charged amino terminus is followed by a 16 amino acid hydrophobic central domain and a cleavage site. A hydrophilic chain of 30 amino acids ends with mixed intervals of hydrophilic and hydrophobic sequences at the carboxy terminus. The gene is 582 nucleotides in length and localized to the linear chromosome 115,161. It does not share sequence similarity with OspA, OspB, OspC, OspD and P27.
Materials and methods

Spirochete culture
The Zxodes ricinus isolate 2136 from Freiburg/Germany and other isolates were kindly provided by K. Pelz (Freiburg). They have been cultivated in our laboratory since 1990. The bacteria were grown in Barbour-Stoenner-Kelly medium at 33°C by diluting the suspension lOO-fold every 72 h.
Immune electron microscop>
The spirochetes were harvested 72 h after inoculation, washed with PBS containing MgCl, and centrifuged at 2000 rpm (600 X g> in a Minifuge (Heraeus, Hanau, Germany).
The pellet was adsorbed to 300 mesh copper grids coated with Pioloform and stabilized with carbon.
The grids with the bacteria were incubated floating upside-down on a drop of the murine monoclonal antibody LA7 [ 141 for I h. After washing, incubation on a goat anti-mouse 5 nm immunogold conjugate purchased from Plan0 (Marburg) followed. The bacteria were washed and fixed with 2% glutardialdehyde.
Negative staining was performed with 2% ammonium molybdate (pH 7).
SDS-PAGE
Borreliae were treated with 0.03% SDS and centrifuged at 600 X g for 15 min. The pellet containing the cytoplasmic cylinder (Fig. 4B) , the supematant containing the outer envelope (Fig. 4A) , and whole bacteria were mixed with specimen buffer and filled into different pockets of a 12% polyacrylamide gel. SDS-PAGE was carried out as described by Laemmli [21] . After electrophoresis, the gel was stained with Coomassie brilliant blue and scanned. Densitometry was performed using SCANPACK software (Biometra/Giittingen).
2D electrophoresis was carried out according to O'Farrel [22] .
Results
Immunolabeling
of Borrelia burgdorferi with the monoclonal antibody LA7, which was raised against the protein IPLA7 (= P22), shows that this protein is a constituent of the outer membrane ( Figs. 1 and 2 ). The gold marker was found on the surface of the negatively stained whole bacteria. A micrograph showing a spirochete with a ruptured membrane (Fig. 2, arrow) shows that there is no labelling of the periplasmic space or of the cytoplasmic cylinder membrane. The protein has a calculated molecular mass of 21.8 kDa and an isoelectric point of 5-5.7
CC WB OE Fig. 3 . Biochemical localization of P22. SDS PAGE of the cytoplasmic cylinder fraction (CC), the whole bacteria (WB) and the outer envelope fraction (OE). P22 was enriched in the OE fraction. The molecular mass is indicated by arrows. which was determined by 2D electrophoresis.
The SDS PAGE bands of the outer envelope fraction were compared to the bands of the cytoplasmic cylinder fraction and the bands of the whole Borrelia (Fig. 3) . Densitometric analysis showed that 99% of the proteins of 2 1.8 (P22) and 22 kDa (OspC) are found in the outer envelope. Our immune electron microscopical findings prove that P22 is a constituent of the outer membrane. In contrast to previous investigations using immunofluorescence labeling, we found no labeling of the periplasm. However, immunofluorescence labeling techniques lack the magnification and resolution needed for a precise localization of bacterial proteins. The observation that 1% of both 22 kDa proteins (P22 and OspC) may be found in the cytoplasmic cylinder should be attributed to the synthesis of these proteins, which are thereafter transported to their major localization site within the outer membrane, where they are anchored with their central hydrophobic region. According to the densitometric analysis of SDS-PAGE, none of these two proteins can be found in the cytoplasmic cylinder in larger quantities. Our results are supported by the studies of Lam et al. [ 161, who demonstrated 
Discussion
